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(57) Abstract: A method for producing hydrogen wherein use is made of a high temperature steam electrolysis apparatus having 
an electrolysis vessel being partitioned into the anode side and the cathode side by the use of a solid oxide electrolyte film as a 
diaphragm, steam is fed to the above cathode side and a reducing gas is fed to the anode side, and steam electrolysis is carried out 
at a high temperature, characterized in that the reducing gas and the steam fed to the electrolysis vessel has a temperature of 200 to 
500°C. The above temperature range for the reducing gas and the steam fed to the electrolysis vessel has been found to be an optimum 
temperature range, as a result of taking the heat balance within the vessel into consideration, in a high temperature steam electrolysis 
apparatus wherein a solid oxide electrolyte film is used, a reducing gas is fed to the anode side and steam is fed to the cathode side, 
an oxygen ion is allowed to react with said reducing gas on the cathode side, to thereby generate a concentration gradient for an 
oxygen ion and thus reduce an electrolysis voltage. 
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[0075] %tfi&<D?-}?>203<Dm&M, ^V^^t^Si^{|lJj:t9tt^$t^fc200-250 < C^^ 
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[0076] ^/c, %«9f Mk&MFMQ&tsMix, ftnmmft , #v 

[0077] «^^^g205<75M{Rl)(C^A$^^7ctt^«,^^y^O^'¥S^ 
[0078] *^SO7n-H:±5E©ii0^*)5*s, ^S<z>*|fcH % &m7TsY<Dnti&ffi&. 

^»*MM^#2i2tcj:9^s-r^^^j;<9,iibm*^m^^e2o 
^^mmmmi-^k\^^mmx^mm^Amm&^mk^ 0 

[0080] tit, ffctf^LT, ^WSrilsailJJ^lJS^^m^^hlcaifflUfc**^ 

w tit* m3<Dmfckmm<D&mz'o^x\** »iaftw*«»«. 

[0081] 04lC^-r^"rAfc*3V^Ttt, ®W201<D^^JS-e^530 c C(^nM^ 
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nkw&7ktm$i&zft?, &/i<-7<Di-m&mfr^ 2^<D^m\Hx^, 

[oo82] m^±mo2m^mmA^titcm^,i-hv^^m^mtixm48ov 
<DM%,tte<9, *~-¥y203*mmis#xmmznitc^ m^mo4x^m^tm 
M^ntdk, ftzfmn,m£.&202\zmtsti% o 

[oo83] m^m^.n,% / ^mmn205it. mwmmnm^. m^it^v^r^ 
tim^tcmmx, ^mmm^myi.^^ ^mi^tm^^&u mm 

'&&m\-i£-<xm Mmmm^'omm^mm^m^Ltcmmxh^o 

[0084] M&<D?-\?>203<Dn&tilL m"n^f±mxmn.^titc3oo-45ox:<Dm^ 

mM*mi*m^ftMmw205ommm\mA£ti, nm.7Km^m^m^ 
[0085] »«9fmta:it$ti5i»5Wii^209f4, awfcKrt, #^r*J3i&«tfftwiR 

SCO, ^y&^£^tf^7tte#*te, »*P«210-C??ft*P$tb, ^y^-211-esfe 
f-liU MMRXfis Xtt«BMb^*©«««rlOppm«Tlcfi«Lfc«, 

^209Tmpm^,i«m*^m^5)-^®205oMiiij^^A$^o 

[0086] ^A^fdlTctttf*^ g^^Wb^KJSK^ «^£-£t?iii?&JS 
[0087] #ge<07P-tt±J£©ii9"T?*>3flS, 
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ttCTJ&LT, ^-tV203©j^£E{R|, ^V^(*^g;j£{|lJJ;«?ft^$^^S300-450 < C(D 
[0088] ^*oi«?a7K^rv«rv^feTi^ffl-et^^>ofeM^^ 

[0089] mmnmtLx. *&wzmmtfmm*t)%myTsHmmLti7kmmi£i/ 
-Mwm^^xmMLtch<DX\ *&wi*frfr%mMimfe£tiz>h<Dx\zt!:\<^ 

tzifcMw<D^y?Mz, w.m#x*~v>2i3*mmttx%mLtz'&. «&t§2 

[0091] ^»^202^A$^fc«}i,^700-900t:(D^!;^^^^^nT 

o4xi^m^nm7i<.K^Htz^nx^m%m^.mo2^m^ii^o 
[0092] mn*mn l m%ftMmm205^ mftmimnmw (gmtv^-rft 

nMm^^x^^mmm^\zxmn^m^m^m\^tc^nxh^ 0 

[0093] mv&<D#~K*>203<D-m&m, ^V^(ii£J^^IlJ < i;^9tt^$i^fc500-700 < C«$t 
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[0094] 3S«0f^aa:s*n5ftt^i?^2O9tt:, sstKfeRrt, *v>j*jsiiaitt#J:«jiix 

[0095] mAt5htcW5vVEXx}^ wtm<4*>t<Dik¥Rmz£?). jmmtofrst*nffl& 
[0096] *mn<n7v-\*±M<Dm*)x*&z>i>K mm^mmtes &m7Tsv<Dmx&ffi& 

^^jt*^M^#2l2(Cit)M1-5^^(C < t^ > ifm7K^«^^g20 

[0097] *&m<oB2<Dm&\a:ti&s mx<DmmiM%nnimmx\zw.mimxz 

[0098] Htc, ^Bjo^3w«^j:H«, mftmmmmnzmmtvxm^xmm 
mmm\m^^^m^Lxm^x^m^m^m^n^t\^<>xAmm 

mtfmmztiZo m&m*ti%mm?±W£fcm<D-^xhmM*$im?)F 
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[0099] LfrLK&b. ±ffivwmut£5\^ *mm%t><D?;v-7i>K m2x*zti%£? 
[oioo] z<d&[^ mm7Kmm^m^(Dmn<D-mw.mmu^mnmmm^m^'r 

imxmi40NmVh<D7Simzmm&A~r?>&mtfhz>j!)K «u z.<D*m\mft 
mfim^tcft&m<D&mMmc£^xmmLtch<D-t)\ m^t^m^&m^m 
ti-xfci&£titch<7)z%^xm, mm%<Dm&\m, *^ow^ioor/n 

mSX±tM#>XjHimXh<9 s a^hif Xh5b&\^ < £fefc&<DmXVX?tfW>oX^ 
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[0102] mm^&feirz&KBtfxizim-emQi-rzmw, &*%km*.. mtwm 

[0103] fttv**M*»»*^^38«^9^h^llfflt7t**»5i^^AO-A 

h<ox, *mwttfrfrztmfomfe£hz>h<DXM fcv \ 
[0104] H6fc*-t^^Atei8v iSWaoio^SR^tioajjaw 

[0105] iim*^«^##^e304{*, @ft:lMk«b®»®(^^b^yv==T>& 

[0106] M^O^-tV302©i^M, ^V^{iffiftlJi«9tt^$tlfc200-250 < CO^ 

fe^]$MtftLX?-K*y302\Z.t ) mfe-rZ>^tfrX$Z> 0 fc*3, ±iao«f^H:J:oT 
,®^^^g304^#^^^(D*«^|S«y7Vh(Dm^^-m* 

[0107] SS®J^3R^^309«rI9!fiL"T\ #«ife&[*3» #V^H«I«,1:!>J|5#I& 
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^.ti^mmio^nucm^ *^^-3ii-?»-i&sl-c, hour. 
[0109] ^®o7D-«±^ii9-cfc§^, mmomfcit, &m7Tsh<ont)fktt& 

[ono] ^mm<Dm3<Dmm^tnt, ^(Dm^mum^^mmxitmrnx^^ 

&X%Z 0 

[oni] *fc> *»w©^4©«8«{j:j:tni, mwmitmmm^mmbLxm^xmm 
wmmmbmmm^itm<>it^m^m^mmmmo^mm\^m^m^ 
mmmiz.m%mf^^Lxnux7Kmn,n^m^n^b^x<>x^m^n 
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[0112] ±B^mLitmmw<ommm^m7cB^m^ir^^(oMu^m^.m 

[0113] #3&W<0&4<0liR«Wu ±IE»Ji»MLfc, glfcBMb*5tt«m**JfflLfci*i^a& 

[0114] ±Bmmt^ttmmkLx,*%mom<otmK. mw-mtmmM%*M 
mthxm^xmm^mmmmm^i±^ttMmim%mmmm<Dmmm 

tons] $.tz,*%w<Dm4<Dmm$,mfrm4mMMmmmtvxm^xmMmm 
\m^^m^LxmmxAmn.m^m^no^t\^x^mmmir^ 

[0116] Hte*38M©&4©IB«SB:* @^^b^mfl?K^filll^iLTffiV>T«fl?^Srli« 

m5€^^m^vxmux7km^m^M^n^t\z.x<>x^m^mmi-^y 
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[0117] Hfc^W©»4©l&»tt* a^b4tomS^v^rmtt«:A«m2:M 

. ^m^vxmmx^mum^m^n^tizx^x^mm^^^^^ 
^x,m^M^mmmuommmim^m%m^Rximmm\m^-r^ 

[0118] ±|B-C, r@#:^>fb^m^^ll^LTfflV>T«^tt^l»^fflOtlt^{ll^tt§] 

mwmimmMMomm^oxmmmtmmm^jtmhtix^ 
wMfctzwh*Miu mmmm^m^mwi-^t^^xmmwomm 
^t^Rft^^t^x^xmm^m^m^z^xmmwi^m^tc^ 

[0119] 4*5, ##§m^387Gte#*j£H:* TIBtc»W-t-5*j!R^S#Mf t-*3V^@ 
[0120] #3PJtf)f!4c7)«}3\ 02-C|ftMLfcJ:5*, @^^k^S»©Ofi|J^^J;or 
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[0121] m7iz.^mmo-mmiz.^^mn^^^<Dmit^yri-m^i- 0 mfo 
x%z> 0 

[0122] fc*5, S«^^m^g®OM{B!j^^$tb^^7n14^^, (*$1«0 £ 
[0123] £fc, El8^««^^ftjl<D«(^^^7K^«^xAW«^^n-El^ 

m&^ztcft<Dm#m£\m®irmMtLx®im'tz>o ^tu^or, mmm* 
h^mm^.mm^om^^RUTKm^mm^mmm^^t^xt 

[0124] «#Mt ^o»5cfe<f^^Lr , 09*. tf ifis^ti^j&iro ±5 tffifer « v >a 

[0125] #3BW©zl<*»&'*^K::fcVvt\ *fl?^t^«-r5^^o^^^@^ 
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Mz.&, mmp, uMmmp, rdf^ rpfjs^, u-fy^v^m 

[0126] $fc, ^MOTK^KJt^^^v^ «!HffmWil&1-5*^i:LT, ±K 

moxmmzhZo ^(DmAm^^mi^^mmm^T^io^xmm 
^mu^m^mmmm\m^ir^mnMtLx^.m'r^t^x^ 0 
[0127] ^m\^^^mm^y^^<D^mrm^m^mLxMmt^>o 
[0128] 091*. *mw\zfrfrz>7i<.mm&yx ; rMzis^x, mi 
tta-?x&tfxzmMm<D®mmimi&i-zmKBtfxbLxm^x. mwmm 
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[0129] mm-tm&i-zftwjf^ m^if^-^p^ocoG^^wi^omu^m 

m&ir5mm*M%.bL,xtiim l-c, M$&&<D&m$mi-?>z- 1 &x%% 0 
[oi3o] ft**, 7kmmmmm\m®'rmt)tLx\z, -Mid^t^^v^j: 

[oi3i] m ion, \z.frfrz>7kmw&^x : rMzm *x, r^mmx^i-^mit 

[0132] T*&mmms m^wtisftm^wmw.ftmw&ftxm, zz.x**y& 

t#ml-c \zfrfrmM*m%nMmm^fctt!t%WK&tfxbLxm% 
-rz>z.btfx%% 0 r^mm\H(ommmmLtzmm^mm^^xm^ 

[0133] fc*5, it5S*^tt, , ^t"S«i!l»j^*P»©«S»SrfiJfflLfe!)PS»¥® 
[0134] M#X&tf/;^7KS^O*n»bL 

mnMti*mmi'Xh&\ 
[0135] Butt, ^w^d^^^^iit^^AtcfeVNT, jsh, ^mm^bom^m. 

[0136] MU 8c#*jK>©JWi»**«\ ^^^Ig^efcio-c^aLT, p^tf* 
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[0137] mmxmtm. *?>'&mmmx*%±'tz>mmMbLxft!kRxf/x\z 
mmL-xh^u tit, Km*bm&£hzmn7kM%<D-®%. w^mmmm 

<D5Cfo®MkLX% ijffl LX% &v \, 
[0138] fc*5, *^i!iit^g^|&-r5«^i:LT«, -J&Oll^-eb^U ^TOIS- 

[0139] mi2tes *%w\z.frfr%*mm&>x7 L Mz$>\,^x, ^mmmmm^mm^ti 
%m7tfetfxbLxmu7kM&mfmm\mi&i>x, imnam&07km* 
[oho] ttMrnrnmnfrmmztimmmmm wm&'^x^m) wsm&mm 

[oi4i] &*5, &n7kM%,\*. ^mmmmxm±-rmmmtLxhx\^u tit, n 

[0142] Tkmwmntzw^z&hkixtt, -i&ontjxh&^u %mtz>\u 

ttmx-<D%nni]&mmi>xb&<\ . 
[oi43] Hi3tt, ^Bjt^^^Tk^^^A^^vM:, #£H£&$£>&$u&*i< 

[0144] ^HMJgffi|g!{)^#t±l^tL5#^^/^^®^JH^i:L-C, 
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[0145] **s, ffi&fc&fttt, ttM%'V*^xM<Di&miitLxn%l>Tb 3* >U *fc, 

[0146] &*s, **iK3gs® K^ji&f sm^ra, -$<z>«7j-et>&v *u 

[0147] 014fij\ *»Wmd»*»5*3(l»jt^^t!:*5V>T, ^•^•^7°7^M£ 

^tLxmn^mnnmmmim^Lxmnnmm^omm^m^mm^M 

[0148] Gib-Gfc-ik^Tsb<Dg6mtfxfctFV9mLXs #xi£tfx&m>o »3SS 
[0149] 4*5, jfS&*ftfttt:« 5tt-^'ft1W^o#«ffl3feT?3WffibTfcJ:VNU * 

[0150] -jKos^t?tav^u jsm-^ 

4k-4k¥7y>bft<D%nni)zmmvxh&\ 

[0151] H15W:, *»WlQ6^*5**»3it^^A|j:*5V^ &U&xWW&fi>-. =»- 
[0152] Mli^^feiffl$^^^^tf^t^©-gli?:IW7-©»i: 
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[0153] juta*^*, 09*. tf* M^*0f^^w*^^^^^«L-rt> 

[0154] ifiM7K^®fi?^»^«1-5m^f*^ -jR^W^-CfefiV^U ±a££>J& 

[0155] Hies, *|gp^^c^^t5*^M^t^7 l i^^-*5v^T, «BSr 

) 51 2£#5o **^*^©^^^513tt«tt«520Jti5**514i»ie*52 
lK#8ft£tk *^514«5t$tlS 0 
[0157] Jfcfc, j§5ntt^501tLTft, 5 a 

[0158] MM*m$mffimm504\mifei-znmtM%.505bLXte, ^m^m^ti 

LXMmsxmmznz*mfi!i,*m^b&x%Zo 
[0159] MKBtfx5oi^&Mn,<Dto®ttfmtL.x s mwL^m^mmmmso^m 

mo8x&mttxm&£&tcmm^b&x%5 0 mmmmmo8\z.^m 
<DWkmmo5%mLx, tm&totm&m^vmGOQ, 503^m-r^t^x^x 

s 7kM&*&7C&#xmm-ZZk&X%Z> 0 tits f»2fi5*S509 J ^»5£««503 
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[0160] m&*m%MikJ%<Dm*507bLx^ mmm2ofrbmutstimm*52i% 

X&M7kM%.506ZMi&1r?>Z.tkX%Z> 0 
[0161] fc*3 % *%WK&^X&mi-5Zb<Dm&ZW7i&tfX50lbLX^ mit 

tfxittf^ j:m%<DmMMmntLtfMkvxmtizi%te*mtet°zm 

[0162] W-ffimtlMkLX ±^<D|g*^*^^«^^Ei5fE^'f-^\ J&l ^$g«3T 

mjj&m^xh&\ 

[oi63] ^en^^^^jg^^Arii, "sr^tto-a-^^^^^^^LTfijffl-et 
z>~kfrt>, &wjmwph^ ^sfctf*. 

*<D.tfxzwK&tfxtLxmmirz>zbti^Mxh<9, z.<D^b^£*), mmm& 
&c ±mmmmx\ i»»nwit5:yao,MtM 
Mox^-m<D^R^mx^,mmmmit^mm^^i-^b^x^ 0 
[oi64] #38w&, »0f{^ffi-rtv«> ra^^^^gij^^, ^Rtf^-^^ 
<DcoG^^m^^b\^xmmir^bm^^-^pm<Dmmm^<Dmm^ 
%m\.xMu^mn.m^x, mu^m^mmmmmLx. &nm&%& 
m&x%z 0 

[oi65] *%wz, r^mm^!tmi-ti\t, mmmm^b<Dm^^m%^^b\, 
xmw mm. mm-rmmmmnam'DmmmmbLXAmn.^m^mTv 
»Mffli:ffli^:yaot, mmm^m^m^xt, mm, mmmwM 
&mmft<D^mmmmbirzwtffi**mmmzttmxzz> 0 

[oi66] *%wzmz.\mmfcfcmirti^ ^mmmmmo^^m^bmw^m^ 
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[oi67] tft. \u^mmx\ ftm%'V*^x&m&btt#x4Wfflm*b<B&^x* 

nmwnm s m^m<7>*mtfxmwsi-z>zktfx%z> 0 
[oi68] ^m'^it'it^T^h^wtm^nx^mm^^x^m^mvx, mz. 
yTyb^bomm^tm^^^K^mvxmTcm^ku 
^tp^tcn^T^h^b(Dmm^x<>xmm^m^mmir^k^x^^m^^ 

m^mmn^mkvx^T^hm^onmmi-^k^mxh^o 
[oi69] w:o"r»3i*n5**mt**«r, mimffi*fr\Mik*mtu 

(D&noimx/^yjyt^fti&Lx, mk*m<Di&i)\ *v*n»tft**a»b 
m^mir^m^m^mm^x^m^kLx^mmm^m^i-^k^x 

momm^m, m^t^m^Lx, ^^mmmmm^ir^kh^m 

[0170] tsh\^ mm-rmmmin^mmmu n-ny*??*^ ^tm % 

zim^xfcm-tttmcbmmxzz, 
[oni] *mmzfrfr%*mnm^^j>><D&mzhtz'ox^ mu^mm^^^o 
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[oi72] *mMfcfrfr%7kmm&i'^j>><Dmt<DW±mmz, m%>mj^^^w± 

[0173] *mw\zfrfrz&mwm*sx : r^&^x. *m-tf*itmmtzft, %&ma$ 

[0174] ^pjic^^^*^^^^xAo^t^5^?a*^^*fiiH^-e(i, mftmrn 
nmm^m^xmm^yumwji-^tc^, ^mMm^itn^ti^^K m 
&tf^&j$tfxm*im&tfxxh<9, K^nuwnxmfrtiztcfr, 7j-rj&& 

su\, ^tcRmmm(o^^(D7^mmitmm\^^x^mmxh^tt^ > 
xmo^&tfmm\H\m&&ALx^m&mm&i-ti\$, 
[0175] £fc N Tkmtfxmnmmmtcit), ££mzttLx\ttmx<Dm&tmmi^ 
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^^yti±^xmmx^b^mm^Lx^,m^m^mm^mx 
fc^o *mmz, jkz^<7kmmmm&gK&vz7km<DmmirfetLx, m$ 

[0177] Hf-, *&wnm5<DMmz£tuL mw-mmnmw^m^x, m^n** 
mmMK*m%mmimm&LxmmMtmmw\m&z j *z-, mmmxmm 
^y^mm^^tR!t^xmm^><Dmmmi^c^^mmm^ 
mias^x, mmm\m®irm7t&jfxkLx, r^Ru/xmmRxf/x\t 

cons] rMmm^&umxix m&mmm%.mmmw>%mm)x 
®>mirzzb\z£'o, *?>mo%. co tno%n8t<Dm4Wx**.j&£itx, mm 

2 

[0179] ^ b % ^r^mmm*. m ^m^mmt®^mk%m® mm^^r 
^)^(D^mmmmc^ti^mmm^xmwj:^^-^mt^tix^ 

kLxmm*vx^?><Dfrx\ &k\zmfctfx%mm^mmmM&<Dm%hmn%ft 
k'tLxmm^fimmxm^mi^nx^mw^tc^tco 
[oi8o] 7k^*m%<DmMfc^x*m*m&i-%3>m&& n £tt-o mm 
^^x^m^m^i-^mx^i-m(Dvh^^nu<Dm±m^mmm 
znx^ittK &u<Dmmtmm&tix^tzo 
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[0181] u±<D£ttvnmm^ *%m<D%5<Dmmte. r*^**v vt&wsmm 

[0182] «#fc£5**|ll3g#asi:L"t; TK^^^SOOlCmSOif MT^I-^r^lCio 
tLXs *H#fF6, 051, 125TiS, i)!?i'©lil^^«LTMJ^ 

[0183] frfr%wm*Mm-z>tz.#)<D^WLti,x. ifmmh<»>f)\>--7te s am 
7c&tfxx&z>^ (2) «m*^^*^ffifoMfflij^ (i) (DMTt^^^^x 

^^t-s&t^&v^ ftt'om^m^sLx, ±mw7t.&tfx%-mm* 

rFWSLfc(#S2002-249754^-) o ^#fFffiggT^L/c38Bj!te, Hf»fb 

mt^m^tzmnTkm^mmmm^xAM^.'Dmn.^m^^x^mmm 
ir^zhtc^x,mmw(DmmmKmu(o^m^^T^tm^mmw<Dmm 

tfxb&Kj&-rz>z.t\z.£<9, mm-(*><Dm%.z)m$£.vx, rwa^ifl^© 

o-sooro^s-eTK^^^^-rsi:*^, Mf»J-e^m^S^ia^c$ 
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MTcmfxittt, *mn.mmK&^xmm&4mmMnm&M\.xmtm<z>m 
mw^mmLx<mmtfrfoLx, mmmxommm&^i&r^^kox^ 

[oi84] *»w#6>h: % ±K^nnt^ica7K3iR«cmsits«>mtt owifli^«*&*r 
[oi85] i-ftfr*>, *mw<Dm5<Dmmtt, mwmimmmmm^x, s%tt^^i 

[0186] #3&W©&5©tB«tt, H2lc*sn^5ftll<t^*««¥«iKrfflv>fci«aWc 

[0187] muK^y^^is^x, #TfrT* J H**(fe«**, 

^^kf^^ii) tao«tt«iiLr, ^5£tt#*(tmbtf*)&£$ 

*M%,<Dmf5.ftM*ft% Mmm*>nmm.<DW#x&, mmmM-imu^m 
[oi88] 4*5, ai7&^T©as"Ctt, >^*iWB^b{f^ottJfe«i:b-c, ipmr* 
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m-rz>w>%mm ^> ^mmmmm^mm^timmmm^i mm*****) 
&%mtmtz*fiy%mi, tomo^mmmm^ymm^mLxmm^KD 

mmiw*<»®imtvxm v ^thx^z 0 
[oi89] **5, mnmmt\m, ^mmtmummt^h^K wetu 37X:n&R 
xf55x;um<Dnm&&mxhz> 0 *s^«^^it ^1*700-800^ 

[0190] ±&<D%m[zx<>x§mistitz&mft, matf. mnmm(pmmtLxm^^t 

[0191] ft*5, «»JcJ:o-C**Sr»3S1"5^fe-C*±bfc**Sr, MllfflW 
as-Ctttf * , fctt*3RSrjH3g • ftfMLXis 
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[oi92] *mftm&ffio<px, #m'^y^**mvm&&tet°m%LX7kmwk 
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